background: Adolescence is a transitional time for identity formation and relationships with parents. While people born through assisted reproduction techniques (ART) appear to be well adjusted in childhood, it is unclear whether these findings carry into adolescence, and whether diverse ART have different psychological outcomes. This review summarizes what is known about the psychological adjustment and family relationships of the growing number of children born through ART who are reaching adolescence.
Introduction
Assisted reproduction techniques (ART) have been increasingly used to help infertile couples conceive. ARTs encompass a variety of treatments including IVF (when the egg and sperm are fertilized in a petri dish), ICSI (when a single sperm is injected directly into an egg), donor insemination (DI, when donor sperm is used), egg donation (ED, when a donor egg is used), embryo donation (when both donor egg and sperm are used) and surrogacy (when another woman carries the pregnancy). The past few decades have seen a growing body of research on the medical outcomes of children born through ARTs. Some studies have also examined the psychological effects of ARTs on parents and children. However, very little data have been gathered beyond childhood. While multiple investigations have shown that people born through ARTs function well in childhood (for reviews see : Hahn, 2001; Basatemur and Sutcliffe, 2008; Wagenaar et al., 2008a) , little is known about whether these findings carry over into adolescence and whether different types of ARTs have different psychological outcomes at adolescence.
Adolescent psychological adjustment refers to the mental health of the young person, and includes conduct and school problems, peer relationships and general social and emotional functioning. One reason why different ARTs might have different impacts on psychological adjustment and parent-adolescent relationships is the potential shock of finding out about the absence of a genetic relationship to one or both parents. In IVF and ICSI, the child is genetically related to both parents. However, in donor insemination the child is genetically related to mother but not the father. In ED, the child is genetically related to the father, but not the mother, although the mother carries the pregnancy and so the child has a gestational link with her. Depending on the arrangement, children born through surrogacy can either be genetically related to only one parent, both parents, or neither parent. In embryo donation, the child is not related to either parent but (unless surrogacy is used) has a gestational link with the mother. In cases where the child is genetically related to only one parent, it is important to establish how that information impacts upon the psychological well-being of the adolescent and the quality of the relationship between the adolescent and both the genetic and the social parent. This is especially important as adolescence is a time when issues to do with identity come to the fore and when parent -child disagreements are more likely to surface (Steinberg, 1990; Paikoff and Brooks-Gunn, 1991; Smetana, 1995; Brown and Wright, 2001; Steinberg and Silk, 2002) .
The manner in which knowledge about genetic relatedness impacts upon psychological adjustment and parent-child relationships depends on how or whether this information is communicated. Previous studies have examined the process of disclosure in childhood but not how disclosure may affect adolescence (Daniels, 1997; McGee et al., 2001; Lycett et al., 2004 Lycett et al., , 2005 . These studies have looked at the effects of secrecy as well as early versus late disclosure on family functioning and psychological adjustment. It is vital to gather empirical data about adolescents' understanding and feelings about their ART conception, as it is a time when understanding of conception and biological inheritance becomes more complex.
Adolescence is also a critical time for identity formation and the development of autonomy from parents (Erikson, 1968) . Identity formation is a normal stage of development that concerns how an individual constructs meaning about their life (Erikson, 1968) and involves addressing the question, 'Who am I?' (Grotevant and Von Korff, 2011) . This process synthesizes information that includes self-definition, a sense of coherence and a sense of continuity and may be different for adolescents who were adopted or conceived through reproductive donation because they might not have access to all of this information. In relation to adoption, which is in some ways similar to reproductive donation in that children are raised apart from one or both genetic parents, Grotevant et al. (2000) have argued that different levels of openness provide different opportunities or resources to adopted persons and may necessitate different types of interactions as they construct their adoptive identities. For adolescents born through reproductive donation, the question of identity becomes similarly complex because they may or may not have access to some knowledge they may want from their donor.
It is important to note that identity development occurs in a broader context and is largely influenced by relationships, particularly a negotiation of relationships within the family (Phinney and Goossens, 1996; Grotevant et al., 2000) . More specifically, during the process of autonomy and identity development, adolescence can signify a transition from a hierarchal parent-child relationship to one that is more egalitarian (Erikson, 1968; Smetana and Asquith, 1994) . Is this transition different for adolescents who are genetically related to only one of their parents, and is this influenced by whether and when they were told about their conception? Reproductive donation, like adoption (Grotevant et al., 2000) , varies in the amount of openness about where the child comes from as well as the amount of potential contact with the donor. The different ages at which parents provide information to adolescents about their conception, and the amount of information they choose or are able to provide create different contexts in which adolescents negotiate their identity. Hence, the amount and manner in which parents communicate the story of a child's conception is likely to have an influence on the development of identity. Furthermore, a late or accidental disclosure of the way they were conceived could greatly influence the identity coherence of an adolescent conceived through reproductive donation and may in turn impact upon parent -adolescent relationships.
Another factor thought to influence parent -child relationships in the case of ARTs is the experience of infertility. It has previously been speculated that parents who have used ARTs may be overprotective of their children because of the emotional, financial and psychical obstacles they had to overcome in order to conceive (Weaver et al., 1993; Hahn and DiPietro, 2001) . Does fertility treatment really lead to overprotective parents who hinder the emotional development of their children at adolescence? Or will the overcoming of infertility produce parents who are more resilient and who pass this along to their children at a time when they are becoming more autonomous? In order to answer these questions it is important to study these families at adolescence.
Different family types can also influence parent -adolescent relationships and psychological adjustment. In particular, ARTs may not be used solely by infertile couples, but also by either same-sex couples or single people. This may present different contexts for understanding the importance of conception through ARTs on identity. For example, are adolescents born through donor insemination to single women affected by their lack of a father figure, or do they have an especially good relationship with their mothers because they know they were really wanted? Same-sex and single parent families are more likely to be open about the use of fertility treatments, which may influence psychological adjustment and parent -adolescent relationships. Given that the majority of heterosexual coupled families that use ARTs still choose not to be open about their use of reproductive donation (Readings et al., 2011) , it is important to examine how being open from an early age impacts upon adolescent psychological adjustment and parentadolescent relationships in same-sex and single parent families. Furthermore, it is important to examine how the potential stigma of same-sex or single parenting affects adolescents conceived through ARTs.
Previous reviews of families conceived through ARTs have mainly examined outcomes at childhood. Moreover, the majority of these have focused mainly on medical outcomes (Alukal and Lipshultz, 2008; Basatemur and Sutcliffe, 2008; Ceelen et al., 2008b; Middelburg et al., 2008; Wagenaar et al., 2008a; Steel and Sutcliffe, 2009; Sutcliffe, 2009; Wennerholm et al., 2009; Hart and Norman, 2013; Kamphuis et al., 2014) . Of the reviews that have focused on psychosocial adjustment, the majority of the findings show that children conceived by ARTs have comparable family functioning, and cognitive and behavioural development, to naturally conceived children. However, given the unique developmental stage presented by adolescence and the increasing population of people born through ARTs that are now reaching adolescence, it is important to establish whether these findings carry over into later stages of life.
The review by Hart and Norman (2013) includes some papers that examine medical and psychological outcomes of adolescents born through IVF, alongside studies of young children and is thus not specific to the unique psychological changes at adolescence. Only one systematic review has focused specifically on outcomes of ARTs at adolescence but this comprehensive review had a large focus on physical rather than psychological outcomes (Wilson et al., 2011) . Ten publications on the psychological adjustment of ART adolescents were identified, and it was concluded that there were no differences in adjustment between ART and naturally conceived adolescents (Wilson et al., 2011) . However, while it did focus specifically on adolescence, this review did not differentiate between different types of ARTs or different family types (heterosexual coupled, same-sex coupled or single parents) and donor type (known, anonymous or identity-release) in the case of reproductive donation. Furthermore, it did not address whether the adolescents in these studies had been told of their conception. As disclosure has been increasingly encouraged in several countries, it is important to elucidate the consequences for psychological adjustment and relationships with parents. The present review builds on that of Wilson et al. (2011) by addressing these issues. It is also the first review to assess adolescent psychological adjustment in the context of parent-adolescent relationships in families that have used ARTs.
Aims and objectives
The current paper aims to provide an updated systematic review of published studies of parent -adolescent relationships, and the psychological adjustment of adolescents who were born using ARTs. Synthesizing the literature on the topic will help summarize what is known about the wellbeing of adolescents in these families and the quality of their relationships with their parents, while also identifying gaps in the literature for future research. It will focus specifically on differences between families that used their own gametes and those that used donor gametes in order to examine the role of genetic relatedness and the role of disclosure in mediating psychological adjustment and family relationships.
Methods
An updated systematic review of (i) parent -adolescents relationships, and (ii) the psychological adjustment of adolescents in families created by ARTs, was carried out.
Search strategy
The systematic search followed PRISMA guidelines (Moher et al., 2009 Table I ). Search terms were updated from the Wilson et al. (2011) review and included all potential key words relating to assisted reproduction technologies, and psychological adjustment and family relationships. The search terms are listed in Table I and MeSH terms were used where applicable.
Study selection
Given that reproductive donation (the donation of a gamete or embryo, or surrogacy) is a fairly recent practice, no filters were used to limit the search by publication dates. Only papers in English were included. In line with the aim of this search to synthesize all available data on the topic, no results were excluded on the basis of study design. An understanding of the psychological adjustment of adolescents also depends on the psychological wellbeing of the parents and the family as a whole so papers that focused on these topics were not excluded. The definition of adolescence was the same as in the previous review, which identified the period as 11 -18 years of age (Wilson et al., 2011) . Papers that only focused on fertility, pregnancy or younger children were outside the scope of this review and were accordingly excluded. Additional exclusion criteria are summarized in Table I .
Screening and quality assessment
All results (n ¼ 1042) were reviewed based on the inclusion and exclusion criteria. Following an initial screening, 958 papers were excluded based on the title alone (see Fig. 1 ). After applying the exclusion criteria to these abstracts, 20 studies were further evaluated for inclusion (see Fig. 1 ). Additional studies were included from snowballing the references of studies found through the review. A total of 17 studies were included in the present review. The studies judged to be irrelevant included studies that focused only on ethics or legislation, pregnancy and fertility, or medical conditions of these children (as opposed to psychological state). Evidence from experimental and exploratory studies was included to obtain a comprehensive review of adolescents born using ART. ART were defined as IVF, ICSI, donor insemination, egg donation, embryo donation and surrogacy.
Results
Study design, measures and main outcomes of the results are outlined in Tables II and III. Publications largely came from different phases of five longitudinal studies and two cross-sectional studies. Table II is organized to include the longitudinal studies by first author and year of publication, with alternating shading to indicate different longitudinal studies. Only the phases of the study that involved adolescent children were included. The two cross-sectional studies are presented following the longitudinal studies (Table III) . Measures included face-to-face interviews, standardized questionnaires and open response questionnaires. Data were generally collected from parents, adolescents and occasionally from teachers. Participants were often recruited from fertility clinics, or online websites for donor-conceived children. Comparison groups for the studies were usually couples that had experienced a period of infertility before natural conception (NC), or from normative national samples. The following section summarizes the results obtained by this review.
The results presented below are separated into ARTs where the child is genetically related to both parents (IVF), and ARTs that involve reproductive donation (donor insemination, ED and surrogacy). As no results relating to ICSI, surrogacy or embryo donation were found, the first section refers solely to IVF and the second to ED and donor insemination. It is of note that all of the findings related to IVF families only refer to adolescents born from a singleton birth. Four of the papers that include families born through reproductive donation include one set of twins (Bos and Gartrell, 2010; Gartrell and Bos, 2010; Gartrell et al., 2012; van Gelderen et al., 2012) , and two of the papers focused on donor insemination do not specify whether the study was restricted to singletons (Scheib et al., 2005; Jadva et al., 2009 ). The following results should be interpreted in light of these sample criteria.
Parent-adolescent relationships in IVF families
The majority of the studies showed that parent-adolescent relationships in IVF families did not differ from NC families in terms of parental control (Golombok et al., 2001) , warmth and conflict (Golombok et al., 2002b , or parental dependability and sensitivity towards the child (Golombok et al., 2002b) . More specifically, IVF adolescents reported high levels of warmth and low levels of conflict in their relationships with their parents, and this level was no different from adolescents in naturally conceived families. In addition, longitudinal findings from early adolescence carried over to age 18 years Owen and Golombok, 2009) . These findings were supported by a different study of 15-to 16-year-olds (Colpin and Bossaert, 2008) . Additionally, no differences were found in parental self-reports, or adolescent reports of parenting style or stress between IVF and natural conception parents (Colpin and Bossaert, 2008) . These findings suggest that the positive relationships between parents who used IVF and their children persist into adolescence.
While parent -adolescent relationships in IVF families are generally comparable to NC families, some slight differences were found. Adolescents from IVF families reported that their parents reasoned with them less than adolescents in NC families although the parents reports did not differ, indicating that parents perceived themselves to reason the same amount (Golombok et al., 2001) . One study did however report increased disciplinary indulgence , and another reported less sensitive responding by mothers who conceived through IVF (Golombok et al., 2001) . However, more often than not, differences between IVF and NC families actually reflected a particularly warm relationship between parents and adolescents following IVF (Golombok et al., 2001) . Examples of these differences indicate greater overt affection of parents towards their adolescents and IVF adolescents' perceptions of their mothers as more dependable than naturally conceived adolescents (Golombok et al., 2001) . Additionally, both mothers and fathers who used IVF to conceive showed greater emotional involvement with their adolescent child and reported that they enjoyed parenthood more than parents who conceived naturally (Golombok et al., 2002b We based our definition of adolescence on theirs but adjusted it to include children of 11 years of age or above.
Overall, six out of nine papers reported no differences in parentadolescent relationships between families that conceived through IVF and those who conceived naturally. When differences were reported, they tended to be positive, indicating more enjoyment of parenting by IVF parents and more warmth in their relationships with their adolescent children (Golombok et al., 2001 (Golombok et al., , 2002b . While these findings warrant further investigation, in most cases multiple respondents do not confirm these findings. In general, the results indicate that adolescents born through IVF have a good relationship with their parents that, for the most part, does not differ from that of adopted or naturally conceived adolescents.
Parent-adolescent relationships in reproductive donation families
All but one of the papers relating to reproductive donation focus on donor insemination. Papers identified by this review indicate that families that used donor insemination were functioning well at adolescence with positive parent -adolescent relationships that did not differ from NC families in terms of parental warmth and control (Golombok et al., 2002a; Owen and Golombok, 2009) . Additionally, one longitudinal study reported no differences in parental dependability, disputes, disciplinary control and parental sensitivity in donor insemination families when compared with families who have conceived naturally (Golombok et al., 2002b; Owen and Golombok, 2009 ).
Similar to parent-adolescent relationships in IVF families, the only differences found between donor insemination and NC parent-adolescent relationships tended to reflect more positive relationships in donor insemination families, such as increased warmth and emotional involvement (Golombok et al., 2002a, b; Owen and Golombok, 2009) , greater enjoyment of parenthood (Golombok et al., 2002b) , and parents who are seen by their adolescent children as more dependable, more lenient and less critical (Golombok et al., 2002a) . These findings were also true for lesbian coupled and single mothers . The only potentially negative findings were greater emotional over involvement with their children among donor insemination parents, a Descriptive online questionnaire on (i) academics, extracurriculars and aspirations, (ii) friendship, family interaction and role models, (iii) health problems, psychotherapy and well-being.
Adolescents born through donor insemination to lesbian mothers reported themselves to be academically successful, with active friendship networks, strong family bonds, and overall high ratings of well-being. Over 80% of the adolescents felt they could confide in their mothers, and almost all described their mothers as good role models.
van Gelderen et al. No differences were found in mother-child warmth, dependability, and sensitivity towards the child between any groups. Slight differences indicated that IVF and donor insemination mothers showed greater emotional involvement with their child, and they enjoyed motherhood more than NC mothers. IVF and donor insemination fathers expressed more warmth and emotional involvement than adoptive and NC fathers and enjoyed fatherhood more. Some of the IVF and donor insemination parents were over involved with their children. No differences were found in disputes, and disciplinary control or adolescent's psychological well-being. No differences between ED and IVF families. Few differences found between groups showed lower levels of sensitive responding towards children in ED mothers when compared with donor insemination mothers, while donor insemination mothers were more likely to be emotionally over involved with children than ED mothers. All of the children were well adjusted.
Golombok et al. Continued higher level of disciplinary aggression shown by donor insemination mothers, and less disciplinary involvement shown by donor insemination fathers, when compared with NC families (Golombok et al., 2002b; Owen and Golombok, 2009 ). While there is reason to think that differences may exist between parent-adolescent relationships in ED and donor insemination families because children in ED families share a gestational connection with their genetically unrelated mother whereas children in donor insemination families have no genetic link with their father, only one study comparing these two reproductive donation groups was identified. When comparing donor insemination and ED families, the only difference found was a tendency towards lower levels of sensitive responding from ED mothers towards their children (Murray et al., 2006) , suggesting that for mothers the absence of a genetic link to their child may be more significant than is the absence of a genetic link for fathers. It is, however, of note that ,10% of the children in the majority of these studies with heterosexual coupled parents were aware of their donor conception. Thus, it is important to investigate how these findings may vary in families that have told their child about their conception. Nevertheless, the existing studies reported no difficulties in motheradolescent relationships in families that had not disclosed . Of the two adolescents who had been told about their donor conception, both were told in middle school For the longitudinal studies described, retention rates (how many people participate in the first phase of the study) are reported in parenthesis following each study group. Response rates (number of people out of those contacted in the initial phase of the study who participated) are reported in the same column, but only once for each longitudinal study. disclosure, neither of them was distressed about it at age 18 years . Additionally neither felt that their relationship with their mother or father had been affected by knowledge of their donor conception .
Recently, openness about donor conception has been increasingly recommended. One study found that families who were open about donor insemination conception reported lower levels of conflict between mothers and adolescent sons when compared with mothers and adolescent daughters (Freeman and Golombok, 2012) . The link between disclosure and lower levels of mother-child conflict was also found at earlier phases of this longitudinal study as well as in other studies (Golombok et al., 2002a; Lycett et al., 2004) . However, at adolescence, this difference is specific to the relationship between mothers and sons. Additionally, in this same study, adolescents who knew about their donor conception reported less warm father-adolescent interactions than those in families that had not disclosed (Freeman and Golombok, 2012) . Sex-specific findings like these suggest that the sex of the adolescent and the parent are important mediators when examining the effect of disclosure on parent-adolescent relationships (Freeman and Golombok, 2012) . In relation to the finding that father-adolescent relationships were less warm in disclosed families, this may indicate the possibility that adolescents who are aware that their father is not their genetic parent may distance themselves at adolescence. Alternatively, it is also possible that fathers may distance themselves at adolescence, a finding that might be corroborated by the lower disciplinary involvement of donor insemination fathers in a different study (Golombok et al., 2002a) . However, it must be emphasized that these studies still have a small sample size and that the findings have not yet been replicated.
Disclosure may also have different outcomes for parent-adolescent relationships in different family types. For example, single mothers and lesbian couples are more likely to disclose their use of reproductive donation than heterosexual couples who do not have to explain the lack of a father. The timing of disclosure may also affect adolescents' feelings towards their parents, with disclosure earlier in life associated with less distress for (Scheib et al., 2005) . Adolescents with identity-release donors who were told about their conception early in life reported that learning about their conception had a neutral to positive impact on their relationship with their parents (Scheib et al., 2005) . Adolescents from heterosexual-coupled families also appear to feel angry at being lied to by their mothers rather than by their fathers, reflecting another sexspecific difference in parent-adolescent relationships in families that are open about their use of reproductive donation . In this study, the general feeling of adolescents conceived through donor insemination towards their fathers was sympathetic .
The current findings indicate the quality of parent -adolescent relationships in families that used reproductive donation, albeit mainly Disclosure in adulthood led to more negative experiences, especially feelings of anger at being lied to by their mother. Those told later did however also report more positive feelings and sympathy towards their mother. People conceived through donor insemination benefit from being disclosed to earlier in childhood. Single mothers and lesbian couples parents were more likely to disclose from a young age. donor insemination conceived people in heterosexual coupled families were more likely to find out about their disclosure from a third party. † As cross-sectional studies do not have retention rates, only response rates are reported in this table. donor insemination, is similar to that of naturally conceived families.
However, there appears to be greater warmth in donor insemination families. Furthermore, whether, how and when families disclose their use of ARTs seem to be important factors in how adolescents interact with their parents. Some exploratory findings indicate there may be a sex-specific difference in parent-adolescent relationships at adolescence and these findings warrant further investigation.
Adolescent psychological adjustment in IVF families
Nine studies relating to IVF and adolescent psychological adjustment were identified by this review. Despite concerns that parents who underwent fertility treatment might have a negative influence on the development of their children because of over involvement (Burns, 1990; Covington and Burns, 2006) , most of the studies showed that IVF adolescents did not differ in measures of psychological adjustment when compared with naturally conceived or adopted controls (Golombok et al., 2001 (Golombok et al., , 2002b 2009; Murray et al., 2006; Colpin and Bossaert, 2008; Wagenaar et al., 2008b Wagenaar et al., , 2009 Wagenaar et al., , 2011 . Both parental and adolescent self-reports found no differences in behavioural problems (Colpin and Bossaert, 2008) , peer problems , emotional functioning (Wagenaar et al., 2009) or school performance (Wagenaar et al., 2008b) . One exception is a longitudinal study that found 18-year-old adolescents born through IVF to show more physical aggression and school problems than a naturally conceived comparison group but these findings reflected two extreme outliers and disappeared when the outliers were removed from the analysis . Another study using parent and teacher assessments found fewer externalizing behaviours and more withdrawn and depressive behaviours in IVF adolescents (mean age 13.6 years) when compared with naturally conceived adolescents (Wagenaar et al., 2011) . These findings were, however, not supported by the adolescents' self-reports and were not present at later ages (15 years) indicating that any problems were transient in nature. This is supported by another study that found no behavioural differences between IVF adolescents and a natural conception control group at ages 15 -16 years (Colpin and Bossaert, 2008) .
When looking at peer relationships, the IVF adolescents at age 18 years reported greater confidence in their relationships when compared with naturally conceived adolescents . In regards to disclosure of how they were conceived, the same study showed that no adolescent aged 18 years reported any distress about being conceived through IVF ). All of the data came from heterosexual coupled families and no data were available on differences in functioning based on family type.
Overall, these findings indicate that adolescents conceived through IVF do not show any greater difficulties in psychological adjustment when compared with naturally conceived adolescents. Only two studies reported some differences in behaviour of adolescents conceived through IVF but these differences were either the result of outliers, not confirmed by multiple observers, or did not appear at other phases of the longitudinal studies indicating that they were transient in nature. While no differences are apparent between IVF adolescents and comparison groups, it is important to note that all of these adolescents were genetically related to both of their parents so it is unclear whether these findings can be generalized to children born through reproductive donation.
Adolescent psychological adjustment in reproductive donation families
Eleven studies looking at ARTs involving reproductive donation and adolescent psychological adjustment were included in this review. Of these, three included IVF adolescents in addition to naturally conceived adolescents as a comparison group (Golombok et al., 2002b; Murray et al., 2006; Owen and Golombok, 2009 ). Only one study involved adolescents conceived by ED (Murray et al., 2006) . No differences in psychological adjustment were found between donor insemination and either IVF or NC, suggesting that the absence of a genetic link between fathers and their children does not interfere with adolescent psychological adjustment (Golombok et al., 2002a, b; Murray et al., 2006; Gartrell et al., 2012) . Additionally, the only study of ED adolescents found them to be well adjusted in terms of social and emotional development (Murray et al., 2006) . As previously mentioned, ,10% of heterosexual coupled families in most of these studies had disclosed donor conception to their children. Despite concerns about the effects of secrecy, no negative outcomes were identified in the psychological adjustment of these donor insemination and ED adolescents (Murray et al., 2006) . These findings should be interpreted with caution as many of the parents in this study had told other people about their child's donor conception, and accidental disclosure could later have a negative effect (Golombok et al., 1996; Jadva et al., 2009) .
Is the psychological adjustment of adolescents different when they do know about the use of donated gametes in their conception? One study found that disclosure of conception through donor insemination did not affect the psychological adjustment of adolescents (Freeman and Golombok, 2012) . Some studies have reported that adolescents who were told about their donor insemination conception earlier in life had a more positive reaction than people who were told about their conception in adolescence or adulthood (Scheib et al., 2005; Jadva et al., 2009) . Data in support of this come from a questionnaire study of 29 donor insemination adolescents who were told about their conception early in life and who were comfortable with the way they were conceived (Scheib et al., 2005) . Conversely, there is some evidence that people who found out about their donor conception later in life reported feeling shocked and betrayed (Turner and Coyle, 2000) .
Further data come from same-sex and single parents who are more likely to disclose their use of reproductive donation . Adolescents born through donor insemination to lesbian coupled mothers are well adjusted psychologically, with mothers' and adolescents' scores reflecting higher social, academic and total competence when compared with a normative sample (Gartrell and Bos, 2010) . While all of these adolescents knew about their donor conception, psychological adjustment did not seem to be negatively affected by this knowledge (Bos and Gartrell, 2010; Gartrell and Bos, 2010; Gartrell et al, 2012) . Furthermore no differences in psychological stability and development were found between adolescents conceived by a not-yet-known donor (anonymous and identity-release), and a known donor (Bos and Gartrell, 2010) . In the Scheib et al. (2005) study, all of the adolescents had an identity-release donor, a factor that may relieve some of the feelings of frustration adolescents with anonymous donors may have when trying to gain information about their biological background.
Taken together, these studies indicate that adolescents born through donor insemination and ED are well adjusted psychologically. Age and process of disclosure are likely to impact upon the psychological adjustment of adolescents, with disclosure earlier in life associated with more neutral or positive reactions . Donor status and knowledge about conception does not seem to affect the adjustment of adolescents born to same-sex couples, who are also functioning well (Gartrell and Bos, 2010) .
Discussion
The studies identified by this review indicate that adolescents conceived through different ARTs (IVF, donor insemination and ED) are in general psychologically well adjusted. This review was unique in separating out the effects of different forms of ARTs on parent -adolescent relationships and adolescent psychological adjustment. At the time of this review there were only two other reviews (Wilson et al., 2011; Hart and Norman, 2013) of the effects of ARTs on the medical and psychosocial development of adolescents, although one of these reviews did not focus solely on adolescents (Hart and Norman, 2013) . However, both of these reviews treated all ARTs as one category rather than acknowledging differences between ARTs where children share a genetic link with one or both parents, and those where they do not. Examining differences based on different ARTs did indeed bring to light variations in psychological well-being and parent-adolescent relationships based on the specific fertility treatment used.
In IVF families, adolescents showed no differences in emotional, behavioural or conduct problems compared with naturally conceived adolescents (Colpin and Bossaert, 2008; Wagenaar et al., 2011) . Adolescents born through IVF seem to be well adjusted and to have good relationships with both parents (Golombok et al., 2002b) . These findings indicate that the stress or stigma of infertility do not negatively impact family functioning in IVF families with an adolescent child. It has been suggested that the increasing use of IVF likely removes the early stigma associated with the procedure and normalizes it (Colpin and Bossaert, 2008) . Congruent with previous findings, it seems that adolescents conceived by IVF can integrate knowledge of their conception without much difficulty (Siegel et al., 2008) .
In reproductive donation (donor insemination and ED) families, it has been thought that the absence of genetic relatedness between one parent and the child may have differential effects on psychological adjustment of adolescents and on parent-adolescent relationships. Although the data on ED are much more limited than those on donor insemination, studies identified by this review indicated that adolescents born through donor insemination and ED are psychologically well adjusted and that they have positive relationships with their parents. Although very few studies included single parent families, family type (heterosexual coupled, same-sex coupled or single parent families) did not seem to affect adolescent psychological adjustment or parent-adolescent relationships.
While all the results were within the normal range, some factors that were identified as impacting the parent -adolescent relationship in reproductive donation families are the sex of the parents and the child, and the age and process of disclosure of the method of their conception. The findings of lower father-adolescent warmth in donor insemination families may indicate that knowledge about the absence of a genetic link may become more important in parent -child relationships at adolescence (Freeman and Golombok, 2012) . This finding is supported by data that donor insemination fathers are less involved in discipline at adolescence (Golombok et al., 2002b) , however the sample sizes of these studies are still small and these findings have yet to be replicated or investigated in ED families. It is also of note that adolescence is a time during which parent-child conflict tends to increase regardless, and that these differences may return to normal levels later in life. Increasing the sample sizes and the number of studies that follow up parent -child relationships in disclosed families is important in determining whether these are genuine effects. It is also of interest to examine whether this finding is seen in regards to the social parent in families with same-sex partnered parents.
This review also identified age of disclosure as an important factor mediating the effect of disclosure on the well-being of adolescents conceived through reproductive donation. Disclosure is a complex ongoing process and as more data become available, it is important to further clarify its differential impacts throughout the life course. Two studies in this review suggested that openness about the use of reproductive donation from an early age may allow an adolescent to incorporate their conception into their identity formation and hence lead to a more accepting and positive attitude (Rumball and Adair, 1999; Scheib et al., 2005; Jadva et al., 2009) . Indeed, adolescents who found out about their conception earlier in life seemed to have a less negative reaction to the information (Scheib et al., 2005; Jadva et al., 2009) . Furthermore, early disclosure may support healthy parent-adolescent relationships by fostering trust in the relationship. It is also possible that the positive parent-adolescent relationships seen in families that have disclosed their use of reproductive donation may result from a more open communication style in the family. To further elucidate this, the process of disclosure should be studied within the greater context of family communication. While families that had not disclosed their use of reproductive donation also had positive parent-adolescent relationships, it is important to remember that disclosure prevents the risk of unintended disclosure, which may have more negative consequences (Freeman and Golombok, 2012) .
Despite the few differences outlined above, families that have used ARTs have largely comparable levels of psychological adjustment and parent -adolescent relationships. There are many possible reasons to explain the lack of difficulties predicted for ART families. One suggested interpretation is that the gap previously thought to exist between ART and NC families has been lessened in recent years due to more planning of naturally conceived children (Colpin, 2002) . It has also been postulated that after a period of infertility parents might appreciate the value of their child, and parent more consciously (Colpin, 2002) . In addition, parents who use ARTs are on average older than parents who conceive naturally, allowing them time to fulfil personal ambitions and develop more of a foundation for their relationships-all factors that may overshadow the stresses of infertility (Colpin, 2002) .
As of now however, comparison studies between ART and NC families tend to have small sample sizes that are possibly biased to include people who are functioning well. Additionally, differences in measures, recruitment, sample inclusion and exclusion criteria, and theoretical concepts are an impediment to drawing conclusions across studies (Colpin, 2002; Hammarberg et al., 2008) . Future studies would benefit from larger, more inclusive samples with more interview data from multiple informants including the adolescents themselves. It would also be beneficial to gather more data from adolescents conceived through ARTs in different family types, particularly single parents. Four publications did look at families with same-sex parents, but all of these publications came from one longitudinal study with lesbian mothers so the findings may not be generalizable to same-sex male parents (Bos and Gartrell, 2010; Gartrell and Bos, 2010; Gartrell et al., 2012; van Geleren et al., 2012) . The same longitudinal study also included data from single lesbian mothers with adolescents conceived through donor insemination, although the sample sizes were small. The large age range that encompasses adolescence further complicates the current review due to the variation individual children have in undergoing puberty and maturation. As more data become available, it may be useful to compare early versus late adolescence.
Most of the studies in this review have also restricted their samples to singleton births (Golombok et al., 2001 (Golombok et al., , 2002a (Golombok et al., , b, 2009 Murray et al., 2006; Colpin and Bossaert, 2008; Wagenaar et al., 2008b Wagenaar et al., , 2009 Wagenaar et al., , 2011 Owen and Golombok, 2009; Freeman and Golombok, 2012) . Of the remaining six papers, four of them include only one set of twins (Bos and Gartrell, 2010; Gartrell and Bos, 2010; Gartrell et al., 2012; van Gelderen et al., 2012) and two of the papers do not mention whether or not the participants were singletons (Scheib et al., 2005; Jadva et al., 2009) . Despite the focus of many of these studies on singleton births, the current rate for multiple births following the use of ARTs is 24% (Murray and Norman, 2014) . Along with multiple pregnancies there is an increase in intrapartum and post-partum complications for both mother and child (Murray and Norman, 2014) . Accordingly, the findings of this review may not be generalizable to adolescents born through ARTs from multiple pregnancies. New single embryo transfer policies in Europe have, however, restricted the number of twin rates, which will continue to decline. As the number of multiple pregnancies continues to decline and the number of singletons rises, the findings of this review will be increasingly relevant and valid.
One limitation to take into account while interpreting the findings of this review is the complexity of calculating retention rates for longitudinal studies. Some of the studies report multiple retention rates based on people that could not be traced, and those that actively declined to participate, while other papers do not make this distinction. It is important for future papers to note these differences in order to make biases in the samples apparent. Another limitation of the findings of this review is the varied participation of fathers across different comparison groups and studies. The only study that reported the participation rates of fathers in different groups indicated that a lower number of fathers participated in the donor insemination group (23%) when compared with IVF (83%), adoptive (81%) and NC (81%) fathers . While none of the other studies report participation rates for fathers between groups, Golombok et al. (2001) do report that only 67% of fathers were interviewed. Without this information from the remaining papers, it is possible that the findings related to father-child relationships may be systematically impaired due to lower participation of fathers in these studies. In order to examine these potential biases, future publications should report both participation rates for fathers, and how retention rates are calculated.
If possible, future studies should also examine differences based on adolescents who have a known, anonymous, or identity-release donor. It is conceivable that adolescents with an identity-release donor would have a less negative reaction to finding out about their conception than those with an anonymous donor because they would have the possibility to find out more information about their biological background at a time when genetic knowledge is becoming increasingly important. Additionally, it would be informative to gain more data from adolescents that found out about their conception at different time points to examine the long-term effects of disclosure at different ages. More in-depth exploratory research on how the process of disclosure occurs and what the adolescents themselves understand is also important for informing future families created through IVF. Lastly, this review included only one family that used ED, and no families that used ICSI, embryo donation or surrogacy. It is important to conduct studies on how these families are doing psychologically as children go through adolescence, especially as some of these ARTs are becoming increasingly popular.
Conclusion
This is the first review of adolescent psychological adjustment and parent-adolescent relationships to examine outcomes based on different ARTs. The findings have implications for policy related to children born through ARTs, and single or same-sex parenting, by showing that adolescents born through different ARTs into different family types are generally psychologically well adjusted. While some differences in family functioning were identified in relation to the type of ART, the disclosure process, and the sex of both parent and adolescent, it is important to note that despite some variation all of the families were functioning within the normal range and the differences indicated variations within a continuum of positive psychological adjustment. The follow-up of people conceived using ARTs as they progress through adolescence and into adulthood would further elucidate what factors affect the psychological adjustment of families created through fertility treatment.
